Study objective-Given the advanced stage of most oral cancer cases at diagnosis, it is hypothesised that a significant proportion of higher risk adults do not visit a dentist annually. The study objectives were to assess whether long term smokers were less likely to visit the dentist. Design-Data from the 1998 Massachusetts Behavioral Risk Factor Surveillance System, a population-based, random digit dial telephone health survey, were used to evaluate whether adults at higher risk of oral cancer attributable to long term cigarette smoking were less likely to go to the dentist, controlling for socioeconomic, demographic, and health related characteristics.
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Treatments for localised oral cancer yield five year survival rates as high as 86%, compared with 42% for regional and 22% for distant disease. 2 3 Only 35% of patients in the US diagnosed with oral cancer are diagnosed at a localised stage. 2 At least 75% of oral malignancies are preceded by a precancer stage, such as leucoplakia, at the site of cancer development. 4 5 Within five years, 5% of precancers will transform to neoplasia. 5 6 Early detection of oral precancer is important because treatment could lead to a reduction in oral cancer incidence. Clinical trials have demonstrated that chemotherapeutic treatment of leucoplakia leads to remission of precancer and prevention of oral cancer lesions. 7 8 If precancerous lesions progress to malignancy, treatment of early stage cancers may still lead to reductions in morbidity and mortality. There is consistent evidence from observational data that persons with early stage oral cancer have better survival than those diagnosed with advanced disease. 1 3 Earlier diagnosis could also decrease patient suVering because of disabilities and disfigurement from more aggressive cancer treatment. 1 Epidemiological data suggest that precancerous lesions may persist for 5-10 years before becoming malignant, and that oral cancer exists in a preclinical, detectable stage (sojourn time) for approximately one year. 9 10 Thus, yearly examinations by a dentist, including a simple inspection and palpation of the oral cavity, could identify disease at an earlier, more treatable stage. While all people should visit a dentist yearly, patients at higher risk of oral cancer should in particular be encouraged to see a dentist annually.
Tobacco is a component cause in at least 80% of oral cancers. 11 12 People who use tobacco in the form of cigarettes are at 4-12 times increased risk of disease. [13] [14] [15] As most cases of oral cancer are diagnosed at an advanced stage of disease, we hypothesise that a significant proportion of adults at higher risk are not seeing a dentist for yearly examinations. To explore this hypothesis, we used population based surveillance data to assess whether people at higher risk of oral cancer attributable to long term tobacco use were less likely to visit a dentist within the year.
Methods
The analyses in this paper are based on data collected as part of the Behavioral Risk Factor Surveillance System (BRFSS) in Massachusetts from 1 January to 31 December 1998. The BRFSS is an ongoing, random digit dial, telephone survey of adults age 18 and older, and is conducted in all states as a joint collaboration between the Centers for Disease Control and Prevention (CDC) and State Departments of Health. Telephone numbers are selected randomly within geographical strata, and multiple attempts are made to reach each household. To be eligible to participate in the survey, the household had to be occupied by at least one adult aged 18 and older. Institutions, group quarters of 10 or more unrelated adults, and temporary residences, such as summer homes, were excluded. Once an eligible household is contacted, one adult from the household is randomly selected for interview. No proxy respondents were allowed for any reason, including language barrier, disability or lack of availability. The data are then weighted by the probability of selection, which is related to the number of adults and telephone lines in the household and, in Massachusetts, town of residence, as well as diVerential participation by sex, age, and race. Characteristics of the BRFSS are described in detail elsewhere. 16 Trained interviewers collected data on a variety of health characteristics, risk factors for chronic conditions, and preventive behaviours. In 1998, the Massachusetts BRFSS also included a CDC developed module on oral health, with questions related to time since last dental visit, reasons for not visiting a dentist within the preceding 12 months, dental insurance, and the number of teeth lost to decay. Respondents also provided demographic information and answered questions on diverse topics such as smoking, fruit and vegetable consumption, and healthcare access and utilisation.
We restricted our analyses to respondents age 35 and older, based on the higher incidence of oral cancer among this age group. We classified respondents on cigarette use based on epidemiological evidence. Several studies have shown a dose-response relation between both number of cigarettes and duration of smoking on increasing risk of oral cancer. 14 15 In addition, recent quitters seem to be at increased risk of disease for some years after quitting 14 15 and are also at increased risk of recidivism. 17 We categorised as long term smokers people who had smoked for at least 10 years and who were either current smokers or former smokers who quit smoking within the past year. We classified never smokers, defined as people who had smoked less than 100 cigarettes within their lifetime, as the referent group.
Our main outcome variable was self report of a recent dental visit within the year. People who had visited a dental oYce within the year were categorised as having had a recent dental visit, while people who visited the dentist more than one year ago or had never been to the dentist were categorised as not having a recent dental visit. This classification was based on the estimated sojourn time for oral cancer of one year. 9 10 We assessed whether long term smokers were less likely to have had an annual dental visit relative to never smokers. To more fully understand the relation between cigarette smoking and use of dental services, we controlled for the following variables: age, education, gender, dental and health insurance, routine medical visit within the year, and number of permanent teeth lost to decay. Many of these variables have shown a positive association with tobacco, and may modify the relation between risk and recent use of dental services. Given the independent association between low fruit and vegetable intake and oral cancer susceptibility, we also evaluated whether long term smokers who consumed fewer than five servings of fruits and vegetables per day, the US National Cancer Institute's recommended intake, were even less likely to visit the dentist than adults who had neither risk factor. Finally, among long term smokers, we explored whether duration of smoking or quantity of cigarettes smoked per day was related to visiting the dentist. We used unconditional logistic regression to estimate odds ratios (ORs) and 95% confidence intervals (CI). With the exception of income, missing data ranged from 1%-3%, and were dropped from the analyses. We excluded income from multivariate analyses because of the substantial amount of missing information, and instead included education, health insurance and dental insurance as proxy measures of this economic access. To account for the survey sampling scheme and weighting of the data, we used SUDAAN software to conduct all analyses.
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Results A total of 2119 adults age 35 and older met the criteria for inclusion in our study, 30.5% (n = 646) of whom were current smokers or recent former smokers who had smoked for 10 or more years, and 69.5% (n = 1473) of whom were never smokers.
Among long term smokers, 71.1% had a dental visit in the past year, compared with 83.0% of never smokers (table 1) . There was a consistent decreased likelihood of a recent dental visit among long term smokers within strata of each demographic or health characteristic. Among both long term and never smokers, higher education and income, and having dental or health insurance were strong predictors of having visited the dentist within the year. Tooth loss also strongly related to whether an adult had recently visited the dentist, and younger age increased the likelihood of a recent dental visit. The eVect of age on dental visits was independent of tooth loss (data not shown). The association between age and dental visits is particularly notable among long term smokers, and contrasts with age-specific increases in oral cancer incidence rates (fig 1) . Compared with adults who never smoked cigarettes, long term smokers had only half the odds of visiting the dentist in the previous year (table 2). After adjusting for confounding by demographic and health characteristics, long term smokers remained substantially less likely (adj OR = 0.69, 95% CI = 0.48, 0.99) to have had a recent dental visit. When we compared long term smokers with low fruit and vegetable intake (n = 238) to adults who had neither risk factor (n = 769), we found an even greater disparity in recent dental visits (adj OR = 0.39, 95% CI = 0.22, 0.68), after controlling for potential diVerences between the groups. Table 3 shows the association between recent dental vists and smoking duration and quantity among the current, long term smokers. The odds of having a recent dental visit decreased by 22% (adj OR = 0.78, 95% CI = 0.65, 0.94) with every additional five years that a smoker had smoked, even adjusting for age, tooth loss, and other covariates. In addition, long term smokers who smoked more than a pack of cigarettes per day were 45% less likely to have recently been to the dentist than adults who smoked a pack or less.
Finally, adults who did not go to the dentist within the year were asked their reasons for not going. Among long term smokers who did not visit the dentist in the past year, 46% felt that they had no reason to go, while 20% did not go because of cost, 14% feared going to the dentist, 7% said they had other priorities, and 13% cited other reasons. The pattern of reasons given by never smokers was similar.
Discussion
Documented at least as far back as the 1930s, advice had been given to the public that "if they are using tobacco, they should have their teeth cleaned at more recent intervals than if they do not smoke". 19 More recent recommendations support oral cancer examinations as a means to reduce the burden of disease. 3 While data on the impact on mortality are scant, studies to date show that screening detects precancerous conditions and preclinical malignant lesions with good validity, 20 21 that treatment of precancer reduces the incidence of oral neoplasia, 7 8 and that earlier stage disease has better prognosis and reduced morbidity.
1 3 Oral cancer screening is also a low cost, non-invasive procedure that is acceptable to the population and takes only two minutes to perform. 22 Dentists seem the logical providers to perform oral cancer examinations. As part of physical assessments of patients, dentists have a responsibility to perform thorough head and neck examinations. 23 A survey of dentists in Percentage recent dental visit (%)
Incidence of oral cancer (per 100 000/y) 35 x Early diagnosis of oral cancer involves a simple, low cost examintion of the oral cavity, and early treatment provides good prognosis for patients. x Survival from oral cancer, however, is among the lowest of all cancer sites, because of the advanced stage at diagnosis. x Long term smokers, at greater risk of oral cancer, are less likely to have routine dental visits. x The relation between long term smoking and dental visits is independent of socioeconomic and other health related behaviours. x Increasing awareness and removing barriers to annual dental visits for long term smokers could reduce mortality and improve overall oral health.
Scotland indicated that 94% include examination of the oral soft tissues as part of usual practice during regular dental check ups. 24 Among a small sample of Maryland dentists, 78% stated that they examined most patients for oral cancer on a yearly basis.
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A population-based study of patients in the United States contradicted these findings, and suggested that only 15% of adults 40 and older ever received an oral cancer examination. 26 These data are diYcult to interpret, and may in part reflect patients' lack of awareness that a dentist or other provider is conducting an oral cancer examination. 27 Epidemiological evidence points to a positive association between irregular visits to the dentist and advanced stage of oral cancer at diagnosis. 28 29 Moreover, Kowalski and colleagues showed both that smokers were more likely to be diagnosed at a later stage of disease than non-smokers, and that there was a dose-response relation between pack years of consumption and increased risk of advanced tumour stage. 1 We found in our study that long term smokers were less likely to have had a recent dental visit then never smokers, that long term smokers who also consumed a diet low in fruits and vegetables were even less likely to visit the dentist, and that the likelihood of a yearly examination decreased with increasing smoking duration and amount smoked per day. Our data, along with previous research, provide insight into reasons for the substantially low survival rates for oral cancer.
In line with other studies, we found that older adults were less likely to have recently seen a dentist. 30 The risk of oral cancer greatly increases with age, and older adults are more likely to be diagnosed at advanced stage of disease. 30 31 In this context, the inverse relation between age specific use of dental services among higher risk people and oral cancer incidence (fig 1) is striking, and suggests that older higher risk adults are particularly vulnerable to delays in diagnosis.
Cost has often been cited as the principal barrier to dental care for many Americans. 30 Moreover, the relation between socioeconomic status and smoking is well established. However, our data show that smokers, who are at increased risk for oral cancer, are less likely to visit the dentist even after controlling for socioeconomic status. Strategies that seek to increase accessibility to the dentist by minimising financial barriers may only partially resolve the decreased use of dental services among smokers. Findings from this study may indicate a need for targeted strategies to increase dental visits among smokers.
Several states conducting the BRFSS also included the oral health module in 1998 and additional studies investigating the relation between dental visits and oral cancer risk status would provide further evidence of the generalisability of these findings. We would expect that the overall patterns seen in our study would exist in other states, but that the degree of differential use of dental services might depend upon accessibility of dental services, as well as the health beliefs and status of a given population.
The findings in this study are subject to at least three limitations. Firstly, households without telephones do not have the opportunity to be included in the sample. Overall, 2% of Massachusetts's households do not have telephones, although 10% of households living below poverty lack a phone. Secondly, the BRFSS data are based on self report, and are subject to possible reporting biases. Respondents may overreport socially acceptable behaviours, underreport behaviours deemed socially unacceptable, and respondents may have diYculty recalling the frequency or time frame of various behaviours. Thirdly, the response rate to the BRFSS has been decreasing over time, and in 1998 was 59%. If the relation between long term smoking and recent dental visits was diVerent for people who did and did not respond to the survey, a bias in our analysis could have occurred.
While dentists may be the logical choice to perform screening, our data strongly support a role for other health professionals to conduct examinations of the oral cavity. Almost 88% of at risk adults visited either a dentist or a physician within the past year, and older adults were much more likely to have had a routine medical visit than dental visit. In a study by Prout and colleagues, oral cancer patients often had multiple medical visits in the months before their diagnosis, while no intraoral examination was done. 32 Currently, the percentage of non-dental health professionals who perform oral cancer screening is much lower than dentists. 27 Programmes targeted to all health professionals to increase education and awareness about intraoral exams could certainly contribute to detecting oral cancer at an earlier stage.
Use of tobacco increases the risk of several oral conditions, including tooth loss, periodontal disease, and oral soft tissue lesions. 33 34 The findings from this study have implications beyond the scope of oral cancer, and suggest that adults at higher risk for a variety of oral conditions are less likely to regularly visit the dentist. Untreated disease can increase the severity of conditions, contribute to significant damage to the oral cavity, necessitate costly treatment, and may ultimately raise the risk of other systemic conditions. [35] [36] [37] Increasing the percentage of smokers who visit the dentist annually and/or receive intraoral exams from other health professionals should improve oral health in a population at greatest risk of disease.
